wo 2004/08S378 



PCT/US2004/007793 



TITLE OF TOE INVENTION 

SDROoLISor "^^^^"^'^ ^^«0 ACID DERIVATIVES BY ASYMMETRIC 



5 FIELD OF THE INVENTION 

The present invention relates to a process for the efficient preparation of 
enantiomerically enriched beta amino acid derivatives which are usefiil in the asymmetric 
synthesis of biologically active molecules. The process comprises an enantioselective 
hydrogenation of a prochiral beta-amino acrylic acid derivative substrate in the presence of a 
10 transition metal precursor complexed with a chiral feirocenyl diphosphine Ugand. 

B ACKGROUND OF THE INVENTION 

The present invention provides an efficient process for the preparation of an 
enantiomerically enriched beta amino acid derivative of structural formula I: 

NH2 O 

15 (I) 

having the (R)- or (5)-configuration at the stereogenic center marked with an *; wherein 
Z is 0R2, SR2, or NR2r3; 

Rl is Ci-8 alkyl, aryl, heteroaryl, aryl-Ci-2 alkyl, or heteroaryl-Ci-2 alkyl; 

R2 and R3 are each independently hydrogen, Ci-g alkyl, aryl, or aryl-Ci.2 alkyl; or R2 and R3 

20 together with the nitrogen atom to which they are attached form a 4- to 7-membered heterocycUc 
ring system optionally containing an additional heteroatom selected from O, S, and NC1-4 alkyl, 
said heterocycUc ring system being optionally fused with a 5- to 6-membered saturated or 
aromatic carbocyclic ring system or a 5- to 6-membered saturated or aromatic heterocyclic ring 
system containing one to two heteroatoms selected jfrom O, S. and NCi^ alkyl, said fused ring 

25 system being unsubstituted or substituted with one to two substituents independently selected 
from hydroxy, amino, fluoro, Ci^ alkyl, C1-4 alkoxy, and trifluoromethyl. 

The process of the present invention relates to a method for the preparation of 
chiral beta amino acid derivatives of structural formula I in an efficient enantioselective fashion 
via transition metal-catalyzed asymmetric hydrogenation of a prochiral enamine of structural 

30 formula 11: 
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NH2 o 



Z 
(") 



wheiein the amino group is unprotected, in the presence of a chiral ferrocenyl diphosphine 
■ ligand. 

Methods for asymmetrically reducing enamine carbon-carbon double hond« 
(C-C-N) using chiral ferrocenyl diphosphines as ligands complexed to a rhodium or iridium 
precursor have been described in the patent literature (See U.S. Patent No. 5.563.309 issued Oct 
8. 1996 to Ciba-Geigy Corp. and the related family of patents and patent applications). A related 
approach to AT-acylated beta amino acids using a rhodium Me-DuPHOS catalytic complex has 
also published (U.S. 2002/0128509 published on Sept. 12, 2002 assigned to Degussa AG). The 
foUowing pubKcations also describe the asymmetric hydrogenation of iV-acylated beta-amino 
acrylic acids with rhodium metal precursors complexed to a chiral phosphine Hgand- (1) T 
Hayashi. et al.. Bull. Chem. Soc. Japan . 53: 1 136-1 151 (1980); (2) G. Zhu et al., J. Org. Chem 
64: 6907-6910 (1999); and (3) W. D. LubeU, et al.. Tetrahedron: A..vn.^.t.^, 2: 543-554 (1991) 
m these pubUcations all the examples provided have the amino group in the beta amino acrylic ' 
acid denvative substrate protected as an acetamide derivative. The requirement for amine 
protection introduces two additional chemical steps into the sequence, namely protection and 
deprotection. and the synthesis of the protected substrate may also be difficult. The process of 
the present invention circumvents the need for protecting the primary amino group in the 
substrate for the asymmetric hydrogenation reaction and proceeds with excellent reactivity and 
enantioselectivity. 

SUMMARY OF THE INVENTION 

The present invention is concerned with a process for the preparation of 
enantiomerically enriched beta amino acid derivatives of structural formula 1. The process 
utilizes an asymmetric hydrogenation of a prochiral beta amino acrylic acid derivative, wherein 
the primary amino group is unprotected, in the presence of a transition metal precursor 
complexed with a chiral ferrocenyl diphosphine ligand. The process of the present invention is 
apphcable to the preparation of beta amino acid derivatives on a pilot plant or industrial scale 
The beta amino acids are useful to prepare a wide variety of biologically active molecules. 

DETAILED DESCRIPTION OF THE INVENTION 
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The present invention provides an efficient process for the pieparation of an 
enantiomeiically enriched beta amino acid derivative of structural formula I: 

NH2 O 
(I) 

having the (R)- or (5)-configuration at the stereogenic center marked with an *; 
in an enantiomeric excess of at least 70% over the opposite enantiomer, wherein 
Z is 0R2, SR2, or NR2r3; 

Rl is C1.8 alkyl, aryl, heteroaryl, aryl-Ci.2 alkyl, or heteioaryl-Ci.2 alkyl; 
R2 and R3 are each independentiy hydrogen, Ci-g alkyl, aryl, or aryl-Ci.2'alkyl; or R2 and R3 
together with the nitrogen atom to which they are attached fonn a 4- to 7-membered heterocyclic 
rmg system optionally containing an additional heteroatom selected ftom O. S, NH, and NCi^ 
alkyl, said heterocycHc ring being unsubstituted or substituted with one to three substituents 
mdependenUy selected from 0x0, hydroxy, halogen, Ci^ alkoxy. and Ci^ alkyl wherein alkyl 
and alkoxy are unsubstituted or substituted with one to five fluorines; and said hetetocychc ring 
system being optionally fused with a 5- to 6-membered saturated or aromatic caibocyclic ring 
system or a 5- to 6-membered saturated or aromatic heterocycUc ring system containing one to 
two heteroatoms selected from O, S, and NCo-4 alkyl. said fused ring system being 

unsubstituted or substituted with one to two substituents selected from hydroxy, amino, fluorine 
Ci-4 alkyl, C1.4 alkoxy, and trifluoromethyl. 

The process of the present invention comprises the step of hydrogenating a 
20 prochiral enamine of structural formula 11: 

NH2 O 

(II) 

in a suitable organic solvent in the presence of a transition metal precursor complexed to a chiral 
ferrocenyl diphosphine ligand of structural formula HI: 



15 
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R4 
(III) 

wherein r4 is C1-4 alkyl or aryl; 

R5 and R6 are each independently Cue alkyl, C5-12 cycloalkyl, or aryl; and 
R7 is Ci^ alkyl or unsubstituted phenyl. 

5 The process of the present invention contemplates that the catalytic complex of 

the transition metal precursor and the chiral ferrocenyl diphosphine ligand may be either (a) 
generated in situ by the sequential or contemporaneous addition of the transition metal species 
and the chiral ferrocenyl diphosphine ligand to the reaction mixture or (b) pre-formed with or 
without isolation and then added to the reaction mixture. A pre-fonned catalytic complex is 
10 represented by the formula: 



15 



X 

R R 



Rht 



J 



where X represents a non-coordinating anion, such as trifluoromethanesulfonate, 
tetrafluoroborate, and hexafluorophosphate. and L is a neutral Ugand such as an olefin (or 
chelating di-olefin such as 1,5-cyclooctadiene or norbomadiene) or a solvent molecule (such as 
MeOH and THE). In the case where olefin is arene, the complex is represented by the formula: 
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X 



The pre-farmed catalytic complex in the case where Xiepresents halogen is 
lepiesented by the fonnula: 




10 



-J 2 



The ligands of stractural fonnula m are known in the art as Josiphos Ugands and 
are conunercially avaUable fixjm Solvias AG, Basel, Switzerland. 

In one embodiment of the ligands of formula HI useful in the process of the 
present invention, the carbon steieogenic center marked with an ** has the (/?)-configuration as 
depicted in fonnula IV: 



R4 

pp5R6 
P(R7)2 



(IV) 

In another embodiment of the ligands of fonnula m useful in the process of the 
present invention, R4 is Ci.2 alkyl, R5 and R6 are Ci^ alkyl, and R7 is unsubstituted phenyl. 
In a class of this embodiment, R4 is methyl. R5 and R6 are f-butyl. and R7 is unsubstituted 
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10 



15 



20 



phenyl. The latter ligand is known in the art as f-butylJosiphos. CommeiciaUy available fonns 
of the r-butyl Josiphos ligand are the SJi and RJS enantiomeric forms. ie,5-r-butyl Josiphos 
is{(i?)-l-[(5)-(diphenylphosphino)ferrocenyl]}ethyl-di-rerf-butylphosphine of fonnula V below: 

Me 

(Q) ^P(fBu)2 

The ferrocenyl diphosphine Kgands of fonnula IH have two centers of 
asymmetry, and the process of the present invention is intended to encompass the use of single 
enantiomers. individual diastereomeis. and mixtures of diastereomers thereof. The present 
invention is meant to comprehend the use of aU such isomeric forms of the Ugands of structural 
fonnula m for the asymmetric hydrogenation of a compound of fonnula H. The facial 
enantioselectivity of the hydrogenation reaction will depend on the particular stereoisomer of the 
hgand that is employed in the reaction. It is possible to control tiie configuration at the newly 
fonned stereogenic center in a compound of fonnula I marked witii an * by tiie judicious choice 
of tiie chirality of tiie ferrocenyl diphosphine hgand of fonnula m. 

In one embodiment of the substrate for tiie process of tiie present invention, Rl is 
benzyl wherein tiie phenyl group of benzyl is unsubstituted or substituted one to tiiree 
substituents selected from tfie group consisting of fluorine, trifluorometiiyl. and 
trifluoromeflioxy. In anotiier embodiment of tiie process of tiie present invention, Z is 0R2 or 
NR2R3. In a class of tiiis embodiment, NR2r3 is a heterocycle of tiie structijral fonnula VI: 



N' , 

(VI) 

Wherein R8 is hydrogen or Ci^ alkyl which is unsubstituted or substitiited witii one to five 
fluorines. In another class of tiiis embodiment, Z is 0R2. 

^"^^therembodimentoftiiesubstratefortiieprocessoftiiepresentinvention. 
Rl IS 6-metiioxy-pyndin-3-yl and Z is Ci^ alkoxy. In a class of this embodiment. Z is metiioxy 
or ethoxy. 
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15 



20 



25 



30 



The asyinmetnc hydn)genati(m Inaction of the present inventicm is c^^ 
smtable organic solvent. Suitable organic solvents include lower alkanols. such as methanol 
ethanol. asopropyl alcohol, hexafluoroisopropyl alcohol, phenol. 2.2,2-trifluoK>ethanol (TFE)' 
and nuxtuies thereof; tetrahydrofuran; methyl r-butyl ether; and mixtures thereof. 

about QO or a""' ^" of 10 oc to 

about 90 C. A preferred temperature range for the reaction is about 45 to about 65 "C 

K .or. • '^^''^'^°^^"^*^°"'^""*^°°^^^^P^rfo"^^d at a hydrogen press^ 
about 20 ps,gto about 1500 psig.Apreferxedhydrogen pressure nmge is about 80psig!o about 

1 « ""^^^ [M(monoolefm)2Cl]2. [M(diolefin)Cl]2. 

D^^onoc>lefin)2acetylacetonate]. [M(diolefin)acetylacetonate]. [M(monoolefin)4]X, or 
[M^droIefin)2]X wherein X is a non-coordinating anion selected from the group consisting of 
m^anesutfonate. trifluoromethanesulfonate CH), tetxafluoroborate (BF4). hexafluorophosphate 
(PF6). and hexafluoroantimonate (SbPfi). and M is rhodium (Rh) or iridium Qx). Transition 
metal precursors where M is ruthenium (Ru) are [M(arene)Cl232. [M(diolefin)Cl2]n. or 

^H^^t^r*^^^ ^oneembodimentthet^^sitionmetalpr^ursoris 
DRh(cod)Cl]2. [Rh(norbomadiene)Cl]2. [Rh(cod)2]X. or [Rh(norbomadiene)2]X. In a class of 
this embodiment, the transition metal precursor is [Rh(cod)a]2. 

The ratio of transition metal precursor to substrate is about 0.01 to about 10 mol 
L """^ P'*^""^^ *° ^bout 0.05 mol % to about 

™°'^'^™°="y"'=^'=i''*rivaavesubstotesoffonnuIanfortheasvm^ 
hydrogenason contain an olafinic double bond, and un.«s ,p«dfied ofterwise. ^^mT 
mclude bofl, £ and Z geomettc isomers or nnxtu«« hereof as starting ma.ed.Is. T*e squiggly 
bond m the su^trate of structural fonnula 0 sigmfies either the Z or £ geon»tric isomer orT 
mixture thereof. 

It^l T T "^"^ '^"^^^^^ "'^^^^^ — hydrogenation 

reaction IS the Z<:onfiguration as depicted in formula Vn: 

NH2 O 
(VII) 

The beta amino acrylate esters of fonnula H (Z = OR2 or SR2) for the asymmetric 
hydrogenation reaction of the present invention can be prepared from a beta-keto ester of 
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structural formula VI in high yield by reaction with a source of anunonia in a suitable organic 
solvent such as methanol, ethanol. isopropyl alcohol, tetrahydrofuran. and aqueous mixtures 
thereof. 

^ 

^^^Z MeOH R ^ Z 

(VI) (II) 

Sources of ammonia include ammonium acetate, ammonium hydroxide, and ammonium 
formate. In one embodiment the source of ammonia is ammonium acetate. The beta-keto esters 
can be prepared as described by D.W. Brooks et al.. An^ew. Ch.n. T.t t,„^, 18, 72 (1979) 

The beta amino acrylamides can be prepared fix>m the corresponding esters via 
amide exchange as described in Org. Svn. nnlle/^t Vol. 3. p. 108. 

Another enabodiment of the present invention concerns a process for the 
preparation of a compound of structural formula 1: 

NHa O 



*** IM \ 



(1) 



having the (ie)-configuration at the stereogenic center marked with an ***; 

in an enantiomeric excess of at least 70% over the enantiomer having the opposite (S)- 

configuration, wherein 

Ar is phenyl which is unsubstituted or substituted with one to five substituents independently 
selected from the group consisting of fluorine, trifluoromethyl. and trifluoromethoxy; and 
R» IS hydrogen or C1-4 alkyl unsubstituted or substituted with one to five fluorines; 
comprising the steps of: 

(a) producing a compound of stmctural formula 2: 



NHp O 



N 



N 



,a> ^^^^ 
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by treating a compound of structural formula 3: 



O O 

N 



(3) ^^i-, 

with a source of ammonia in a suitable organic solvent; and 
(b) hydrog^ating a compound of structural formula 2: 



NHo O 

I ^ II 

Ar> 



N 



(2) 



8 



in a suitable organic solvent in the presence of a rhodium metal precursor and a chiral feirocenyl 
disphosphine of structural formula IV: 

(IV) 

wherein R4 is Ci-4 alkyl or aryl; 
10 r5 and R6 are each independently Ci.6 alkyl. C5.12 cycloalkyl, or aryl; and 
R7 is Ci-4 alkyl or unsubstituted phenyl. 

In a class of this embodiment, Ar is 2,5-difluorophenyl or 2,4,5-trifluorophenyl. 
In a subclass of this class, r8 is trifluoromethyl. 

In another class of this embodiment, the rhodium metal precursor is chloro(l,5- 
15 cyclooctadiene)riiodium(I)dimer{[Rh(cod)Cl]2}. 

In another class of this embodiment, R4 is methyl, r5 and R6 are both f-butyl, 
and R7 is unsubstituted phenyl. In a subclass of this class, the rhodium metal precursor is 
chloro(l,5-cyclooctadiene)rfiodium(I) dimer. 
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In yet another class of this embodiment. R4 is methyl, R5 and R6 are both ^-butvl 
R7 IS unsubstituted phenyl, Ar is 2.5-difluoiophenyl or 2.4.5-trifluon,phenyl, R8 is 
tnfluoromethyl, and the rhodium metal precm^or is chloro(1.5-<:yclooctadiene)rhodium(D dimer 

In another embodiment the compound of structural fomiula 1 is obtained with an 
enantiomenc excess of greater than 90%. In a class of this embodiment the compound of 
structural formula 1 is obtained with an enantiomeric excess of greater than 95%. 

Compounds of stmctural formula 1 are disclosed in WO 03/004498 (published 16 
iZZ^r^ of dipeptidyl peptidase-IV which are useful for the treatment of Type 

A further embodiment of the present invention comprises structurally novel 
mtemiediates of stmctural fommla 2 which are useful in the preparation of compounds of 
structural formula 1: 



NHp O 



N 

(2) 



N 



wherein Ar is phenyl which is unsubstimted or substituted with one to five substituents 
mdependently selected firom the group consisting of fluorine, trifluoiomethyl, and 

trifluoromethoxy; and 

R8 is hydrogen or Ci^ alkyl unsubstituted or substituted with one to five fluorines. 

In a class of this embodiment of novel intermediates of formula 2 Ar is 2 5 
difluorophenyl or 2,4,5-trifluorophenyl and R8 ig tnfluoromethyl. 

Throughout the instant appUcation, the following terms have the indicated 

meanings: 

The term «% enantiomeric excess" (abbreviated "ee") shall mean the % major 
enantromer less the % minor enantiomer. Thus, a 70% enantiomeric excess corresponds to 
fomiation of 85% of one enantiomer and 15% of the other. The temi "enantiomeric excess" is 
synonymous with the term "optical purity." 

'^^P«''^^«°f*eP'«s«ntinventionprovidescompoundsofstructuralformulaI 
wrth high optical purity, typically in excess of 70% ee. m one embodiment, compounds of 
fomiula I are obtained with an optical purity in excess of 80% ee. In a class of this embodiment 
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compounds of formula I are obtained witii an optical purity in excess of 90% ee. Ih a subclass of 
this class, compounds of fomiula I are obtained with an optical purity in excess of 95% ee 

The term "enantioselecti ve" shall mean a reaction in which one enantiomer is 
produced (or destroyed) more rapidly than the other, resulting in the predominance of the 
favored enantiomer in the mixture of products. 

The alkyl groups specified above are intended to include those alkyl groups of the 
designated length in either a straight or branched configuration. Exemplary of such alkyl groups 
are methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, tertiary butyl, pentyl. isopentyl. hexyl " 
isohexyl, and the like. The alkyl groups aie unsubstituted or substituted with one to three ^oups 
mdependently selected from the group consisting of halogen, hydroxy, carboxy. aminocarbonyl 
ammo, Ci^ alkoxy. and Ci-4 alkylthib. cumnocaroonyi. 

The term "cycloalkyi" is intended to mean cycUc rings of alkanes of five to 
twelve total carbon atoms, or any number within this range (i.e.. cyclopentyl. cyclohexyl 
cycloheptyl, etc). ' ' 

15 is int«»ded to include the halogen atoms fluorine, chlori^^^ 

bromine, and iodine. 

The abbreviation "cod" means "1.5-cyclooctadiene." 
The term "aryl" includes phenyl and naphthyl. "Aryl" is unsubstitoted or 
substituted witii one to five substituents independently selected from fluoro. hydroxy. 
20 tnfluoromethyl, amino, Ci-4 alkyl, and Ci-4 alkoxy. 

The term "aiene" refers to benzene, naphthalene, and o-, m-, orp- 
isopropyltoluene (o, m, or p-cymene). 

The term "olefin" refers to a acycUc or cycUc hydrocarbon containing one or 
more double bonds including aromatic cyclic hydrocarbons. The term includes, but is not 

25 hmited to, 1,5-cyclooctadiene and norbomadiene ("nbd"). 

The term "heteroaryl" means a 5- or 6-membeied aromatic heterocycle that 
contains at least one ring heteroatom selected from O, S and N. Heteroaryls also include 
heteroaryls fused to other kinds of rings, such as aryls, cycloalkyls and heterocycles that are not 
aromatic Examples of heteroaryl groups include, but are not limited to. pyxrolyl, isoxazolyl 

30 isothiazolyl. pyrazolyl. pyridinyl, oxazolyl. 1.2.4-oxadiazolyl. 1.3.4-oxadiazolyl, thiadiazolyl 
Aiazolyl. imidazolyl. triazolyl. tetrazolyl. furyl, triazinyl, thienyl. pyrimidinyl. pyrazinyl ' 
benzisoxazolyl. benzoxazolyl. benzothiazolyl. benzothiadiazolyl. dihydrobenzofuranyl ' 
mdoHnyl, pyridazinyl. indazolyl. isoindolyl. dihydrobenzothienyl. indolizinyl, cinnolinyl 
phthalazinyl. quinazolinyl, naphthyridinyl. carbazolyl. benzodioxolyl. quinoxalinyl. purinyl 

35 faxazanyl. isobenzylfuranyl. benzimidazolyl, benzofuranyl, benzothienyl. quinolyl. indolyl ' 
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isoqmnolyl. and dibenzofuranyl. ''Heteroaryl" is unsubstituted or substituted with one to five 
I^^crr^koty * "^^^"^ trifluommethyl. amino. Ci^ 

Representative experimental procedures utilizing the novel process are detailed 
below The following Examples are for the purposes of iUustration only and are not intended to 
Iinut the process of the present invention to the specific conditions for making these particular 
compounds. F«ui.iu«ur 



EXAMPT J. 1 




CF3 



f2R)-4K>xo^n-(trifluoromethvn-5 6-dihvdrnn 7^ltw...,. r4.3-.1pw..^„-^^«i:^ ^.n , p ^ ^ 
tnfluoroi>henvl ^butan-2-amm^ p.^) * ^ ' * ^^'^'^ 

I>repaTation of 3-(trifluoromethvn-5 6 41triaznlnr4 ^.^1^,^.,;^^ 
hvdrochloririft salt f l-^) UOLdzine, 

Scheme 1 

NH2NH2 ^ FgC-^N' Y 

2. CICOCH2CI. NaOH O 

1-1 
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N-N 

POCI3 . FC--^ ^ 



"CH^cFT ® o CH2CI 

1-2 

O 



MeOH 



HCI 



N^^CFa MeOH. HCI. 55 °C f J, /^N 
k^NH H ; ^ V/N-^ 



1:3 1-4 



CF3 



A: Preparation of bishvdrgzide n-1> 

Hydrazine (20.1 g, 35 wt% in water, 0.22 mol) was mixed with 310 mL of 
acetomtrile. 31.5 g of ethyl tiifluoroacetate (0.22 mol) was added over 60 min. Hie internal 
temperature was increased to 25 °C from 14 ^C. The resulting solution was aged at 22 - 25 "C 
for 60 nnn Ihe solution was cooled to 7 °C. 17.9 g of 50 wt% aqueous NaOH (0.22 mol) and 
25.3 g of chloioacetyl chloride (0.22 mol) were added simultaneously over 130 min at a 
temperature below 16 "C. When the reaction was complete, the mixture was vacuum distiUed to 
remove water and ethanol at 27 ~ 30 "C and under 26 ~ 27 in Hg vacuum. During the 
distillation, 720 mL of acetonitrile was added slowly to maintain constant volume 
(approximately 500 mL). The slurry was filtered to remove sodium chloride. The cake was 
nnsed with about 100 mL of acetonitrile. Removal of the solvent afforded bis-hydrazide 1-1 
(43.2 g, 96.5% yield, 94.4 area% pure by HPLC assay) 

IH-NMR (400 MHz. DMSO-rfg): 5 4.2 (s. 2H). 10.7 (s. IH). and 11.6 (s. IH) ppm 

13C-NMR (100 MHz. DMSO-^6): 5 41.0. 116.1 (q. J = 362 Hz). 155.8 (q. J = 50 Hz), and 165 4 

ppm. 



P^Paration of ■5-(tri fluoromethvlV? .-fchTomm.thY i>-i .3.4-ny 
(1-2) 



5 PH . ^'"^"^^^^ ^ Step A (43.2 g, 0.21 n.ol) in. ACN (82.nLXwas.cooled.to 

' % ^' ^ the temperature below 

10 C. The mixture was heated to 80 °C and aged at this temperature for 24 h until HPLC 
showed less than 2 area% of m a separate vessel, 260 mL of IPAc and 250 mL of water 
were mixed and cooled to 0 °C. The reaction slurry was charged to the quench keeping the 
antemal temperature below 10 "C. After the addition, the mixture was agitated vigorously for 30 
mm. the temperature was increased to room temperature and the aqueous layer was cut The 
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organic layer was then washed with 215 mL of water. 215 mL of 5 wt% aqueous sodium 
bicarbonate and finally 215 mL of 20 wt% aqueous brine solution. HPLC assay yield after work 
up was 86-92%. Volatiles were removed by distillation at 75-80 mm Hg, 55 to afford an oil 
which could be used directly in Step C without further purification. Otherwise the product can 
be punfied by distillation to afford 1^ in 70-80% yield. 
IH-NMR (400 MHz, CDCb): 5 4.8 (s, 2H) ppm 

13C-NMR (100 MHz, CDCI3): 6 32.1, 1 15.8 (q. J = 337 Hz), 156.2 (q. J = 50 Hz), and 164 4 
ppm. 



Preparation of N-rr2Z^-n.p .r..^„-0-vUdene1fnflnnr^...t.Ky^,,,i^, 

IlzSl 

on on 1'°*"*^°° of ethylenediamine (33.1 g, 0.55 mol) in methanol (150 mL) cooled 

at .20 C was added distilled oxadiazole 1^ fiom Step B (29.8 g, 0.16 mol) while keeping the 

"""Ttr rf ^ ^^-y was aged at 

-20 C for 1 h. Ethanol (225 mL) was then charged and the slurry slowly warmed to -5 

After 60 mm at -5 "C, the slurry was filtered and washed with ethanol (60 mL) at -5 °C 

Amidine ^3 was obtained as a white solid in 72% yield (24.4 e 99 5 area wt% nn«. K„ kdt o^ 

13C-NMR (100 MHz. 0MSO^): S 40.8. 42.0. 43.3. U9.3 (q. J = 350 H.). 154.2. andHe 2 (c 
J = 38 Hz) ppm. ■ 

Preparation of 3-(trifluo romethvlV5 6 .7.8-t^tr«hvH».ri 2 .41tri5,.nlnr.L ^- 
alDvrazine. hvdrochlnnde salt (1-4> 

A suspension of amidine US (27.3 g. 0.13 mol) in 110 mL of methanol was 
wanned to 55 <>€. 37% Hydrochloric acid (11.2 mL. 0.14 mol) was added over 15 min at this 
temperatoe. During the addition, all solids dissolved resulting in a clear solution. ITie reaction 
was aged for 30 min. The solution was cooled down to 20 and aged at this temperature untU 
a seed bed formed (10 min to Ih). 300 mL of MTBE was charged at 20 °C over 1 h The 
resulting sl«ry was_cooled to2^C, agedfor 30 min and filtered. Solids were washed with 50 
mL of ethanolrMTBE (1:3) and dried under vacuum at^ii^: "^eld of diazole 1-4 was 26 7 g 
(99.5 area wt% pure by HPLC). ' 

'^^T «• 4.4 ft 2H). 4.6 2H), and 10.6 (b. 2H) ppm- 

13C-NMR(100MHz.DMSCMi): 5: 39.4.39.6.41.0. 118.6(,. J = 325Ib). 142.9 (q., = 5^ 
Hz), and 148.8 ppm. 
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Scheme 2 




O 

OH fiuCOCI, PrgNEt, 
DMAP, DMAc 



OH O 




HCI 
HN 



N 



N 



1i4 CF 




NH4OAC 
MeOH 




[Rh(cod)CI]2, 

R,S- t-Bu Josiphos, 

H2. MeOH, 200 psi, 50°C 
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n R«« n f-™"°'^°P'^^^y^-'^«ti<^ ^<^id (2^ (150 g, 0.789 mol). Meldrum's acid (125 g 

0.868 mol), and 4-(dimethylamino)pyridine (DMAP) (7.7 g, 0063 mol) were charged into a 5 L 
three-neck flask. AT.iV-Dimethylacetamide (DMAc) (525 mL) was added in one portion at room 
temperature to dissolve the solids. AT.iV-diisopropylethylamine (282 mL, 1.62 mol) was added in 
5 one portion at room temperature while maintaining the temperature below 40 Kvaloyl 
chloride (107 mL, 0.868 mol) was added dropwise over 1 to 2 h while maintaining the 
temperature between 0 and 5 °C. The reaction mixture was aged at 5 °C for 1 h Triazole 
hydrochloride M (180 g. 0.789 mol) was added in one portion at 40-50 °C The inaction 

10 ^tTsr^'^l''"'''""'"^'- ^^^^'^—^ ^-hy<^ogencarbo„atesolution(625 
10 mL) was then added dropwise at 20 - 45 ^C. The batch was seeded and aged at 20 - 30 °C for 

1-2 h Then an additional 525 mL of 5% aqueous sodium hydrogencarbonate solution was 
add^^dK,pwiseove^^^^^^^^ 

0-5 Canda^dlhbeforefiltexingthesoHd. The wet cake was displacement-washed with 
15 To — °^>' - -^ditional two batches of 20% aqueous DMAc 

15 (400mL),a„dfi„al,ywater(400mL). cake was suction-dried at room temperature. Hie 

isolated yield of final product 2^ was 89%. 

^^^^ Preparation of f2Z)-4-nxo-4-f 3-ftrifliinmm^thY ^>-^,^ 

, «nn ^ .^^^ round-bottom Hask was charged with methanol (100 mL). the ketoamide 2- 
2 (200 ^ a^d ammomum acetate (1,0.4 g). Methanol (180 mL) and 28% aqueon, ammonium" 
hy*ox.de (58.6 mL) were then added keeping the temperature below 30 -C during the addidon 
Addtfonal methanol (100 mL) was added to the reaction mixture. The mixture wa, heated at ' 
25 -a«',-~»<iagedfor2h. The reaction wa. cooled to room .emperaa,re and .h«, u> 
(m^; *° ""^ and dried to affotd 2^ as a soUd 

S*SE£: Fra)arationoff2R)^>^.^p-f,rifi„„^„„i,y,^_^^ 

triflnoinnhen vnhutnii-7-nniiTie (■>. } ) 

,m>., ^v^n ?!!!°°'°"'°'°"*"'"*=^'=M<»°»^-=y<:looctadiene)rhodium(I)dimer 
(»h(cod)Cl]2K292mg. 0.59 mmol) a,d ^R^ r-butyl Josiphos (708 mg. 1.31 nunoo\Xa 

mtregen atmosphete. Degassed MeOH was then added (200 mL) and the mixhne was stirred at 

35 «>omtempe,a.u,eforlh. a.«.a4Lhydrogenator was charged the enamine amide 2:4 (11 8 g. 
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10 



15 



0.29 mol) along with MeOH (1 L). The slurry was degassed. The catalyst solution was then 
transferred to the hydrogenator under nitrogen. After degassing three times, the enamine amide 
was hydrogenated under 200 psi hydrogen gas at 50 °C for 13 h. 
Assay yield was determined by HPLC to be 93% and optical purity to be 94% ee. 

The optical purity was further enhanced in the following manner. The methanol 
solution from the hydrogenation reaction (18 g in 180 mL MeOH) was concentrated and 
switched to methyl f-butyl ether (MTBE) (45 mL). Into this solution was added aqueous H3PO4 
solution (0.5 M. 95 mL). After separation of tiie layers. 3N NaOH (35 mL) was added to tiie 
water layer, which was tiien extiracted with MTBE (180 mL + 100 mL). The MIBE solution 
was concentrated and solvent switched to hot toluene (180 mL, about 75 °C). The hot toluene 
solution was then aUowed to cool to 0 °C slowly (5 - 10 h). The crystals were isolated by 
filtration (13 g. yield 72%, 98 - 99% ee); m.p. 114 1 - 115 7 °C 

IH NMR (300 MHz, CD3CN): 5 7.26 (m). 7.08 (m), 4.90 (s), 4.89 (s). 4.14 (m), 3.95 (m), 3.40 
(m). 2.68 (m), 2.49 (m), 1.40 (bs). 

Compound M exists as amide bond lotameis. Unless indicated, tiie major and minor rotamers 
are grouped togetiier since the carbon-13 signals are not well resolved- 
13c NMR (CD3CN): 8 171.8, 157.4 (ddd , Jc, = 242.4, 9.2, 2.5 Hz), 152.2 (major). 151.8 
(minor). 149.3 (ddd; Jc, = 246.7, 14.2. 12.9 Hz), 147.4 (ddd. Jcr = 241.2, 12.3. 3.7 Hz), 144 2 
(q./cF = 38.8 Hz). 124.6 (ddd , /cf= 18.5, 5.9, 4.0 Hz). 120.4 (dd,ycF= 19.1, 6.2 Hz). 119 8 
(q, Jcr = 268.9 Hz). 106.2 (dd . Jc, = 29.5, 20.9 Hz), 50.1, 44.8, 44.3 (minor). 43.2 (minor). 
42.4. 41.6 (minor), 41.4. 39.6, 38.5 (minor), 36.9. 

The following high-performance Kquid chromatographic (HPLC) conditions were 
used to determine percent conversion to product: 
Column: Waters Symmetry CI 8. 250 mm x 4.6 mm 
Huent: Solvent A: 0. 1 vol% HC104^20 

Solvent B: acetonitrile 
Gradient: 0 min 75% A : 25% B 

10 min 25% A : 75% B 

12.5 min 25% A : 75% B 

15 min 75% A : 25% B 
Flow rate: 1 mL/min 
Injection Vol.: 10 pL 
UV detection: 210 nm 
Column temp.: 40 °C 

Retention times: compound Z^: 9. 1 min 
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compound 2^5: 5.4 inin 
. tB\x Josiphos: 8.7 min 

n^f.^. ^"""T"^ high-performance liquid chromatographic (HPLC) conditions were 

used to determine optical purity: 

Column: Chirapak, AD-H, 250 mm x 4.6 mm 
Eluent: Solvent A: 0.2 vol.% diethylamine in heptane 

Solvent B: 0.1 vol% diethylamine in ethanol 
Isochratic Run Time: 18 min 
How rate: 0.7 mL/min 
Injection Vol.: 7 nL 
UV detection: 268 nm 
Column temp.: 35 °C 

Retention times: (/?)-amine 2=5: 13.8 min 

(S)-amine: 11.2 min 



EXAMPLR 7. 



MeQ 




OMe 



MeO 




OCH, 



3-1 



3-2 



20 



25 



Methyl (3>yV3.amino-3-f6-methoxvDvridin-ct.y i)pronaTin«tP 

tmw ^^r^n "^^"^ '^Sedchloro(l,5-cyclooctadiene)rhodium(I) d^^^^ 

{[Rh(cod)Cl]2}(I4.2mg. 0.029 mmol) and (/e,5)-.-BuJosiph^^ 

2edT T'""'" --Plex was 

stured for 45 mm at r^om temperature. In a separate 2-mL vial, the enamine ester 3-1 (0 1 g 0 5 

mmol) was dissolved in 0.9 mL distilled 2,2.2-trifluoroethanol. To the same vial orni. ofL' 

prepared catalyst solution was added resulting in 1 mol% catalyst loading and a 2 2 2- 

tnfluoroethanol/methanol mixture of 90/10. The hydrogenation vial was then seaieii and 

^ansferred into the hydrogenation bomb under nitrogen. After degassing three times with 

hydrogen me enamine ester was hydrogenated under 90-psig.hydrogen gas at 50 °C for 13 5 h 

Assay yield was determined by HPLC to be 88% and optical purity to be 89% ee 
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IH-NMR (400 MHz, CDCI3): 5 1.81 (bs. 2H). 2.64 (xn. 2H), 3.68 (s. 3H). 3.91 (s. 3H). 4 4 (dd 
IH). 6.72 (d,lH). 7.62 (dd,lH). and 8.11 (s,lH) ppm. ' ' 
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a: Reaction conditions: 0.15 mol% [Rh(cod)Cl]2; 0.33 mol% (i?,5)-r-Bu Josiphos 

50 -C. 100 psig H.. b Assay yield; c Assayed by chiral HPLC using a AS-RH or AD-RH chiial 

column elutmg with 25-40% acetonitrile/water as the mobile phase. 
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